Suitability of a specific population for linkage disequilibrium mapping studies of complex traits may be assessed by investigating the background linkage disequilibrium (BLD). We are unaware of studies for quantifying the degree of BLD in the Korean population, although the population may be a good candidate for mapping of complex trait genes through whole-genome association studies. It is useful to investigate the properties of genetic isolates in East Asia and to compare them to genetic isolates in Europe. We analyzed the extent of BLD in the Korean population using 735 microsatellite markers and compared the results with the Icelander population, which is one of the European expanded genetic isolates. The Korean population exhibited a level of BLD comparable with the Icelander population. The inference of population structure using the model with admixture showed that each individual has allele copies originating from K populations in equal proportions. Therefore, we believe that factors other than genetic distance, such as recent admixture, have not contributed to the level of BLD. Our results showed that the Korean population, which is an expanded population with no evidence of admixture, has a BLD level comparable with the Icelander population. Therefore, the Korean population can be used for fine mapping of either complex traits or monogenic diseases.
Introduction
Suitability of a specific population for linkage disequilibrium mapping studies of complex traits may be assessed by investigating the background linkage disequilibrium (BLD) (Feimer et al., 1997; Gordon et al., 2000) . Although many empirical studies have evaluated the BLD in European isolates, such as the Finnish and Sardinians (de la Chapelle et al., 1998; Eaves et al., 2000; Angius et al., 2001) , few data from other region, such as Asia, have been reported (Katoh et al., 2002) .
The Korean population probably originated from the Tungus branch of Mongolian ethnic groups who inhabited the general area of the Atlantic Mountains in Central Asia (Kim, 1970) . There is evidence for Yayoi migration from their original places via China and the Korean peninsula to Japan, starting approximately 2,300 years ago (Hanihara, 1991) . The population size in Korea about 2,000 yr ago is estimated to be approximately 3 million. After several gradual expansions, the modern South Korean population now consists of about 48 million people (Statistics Bureau/Statistical Research and Training Institute 2002) and the combined population of the South and North is estimated at 70 million.
Koreans are racially and linguistically homogenous with no sizable indigenous minorities. Throughout the history of Korea, there seems to be no obvious admixture. To date, we are unaware of any studies for quantifying the degree of BLD in the Korean population, although the population may be a strong candidate for mapping of complex trait genes through whole-genome association studies. It is useful to investigate the properties of genetic isolates in East Asia and to compare them to genetic isolates in Europe.
We report here the extent of BLD and heterozygosities of 735 microsatellite markers among 98 Korean subjects and we compare the results with the Icelander population (Kong et al., 2002) , which is one of the expanded European genetic isolates.
Materials and Methods

Subjects
We collected blood samples from 98 healthy, un- o C 30 s. PCR products were detected using an ABI PRISM 3100 Genetic Analyzer and analyzed using GeneScan and Genotyper software. All genotypes were independently double checked. The results were tested for Hardy-Weinberg equilibrium using the SAS Genetics program.
Genotypic data derived from CEPH families for each marker were obtained from the CEPH database (http://www.ceph.fr/). The order and sex-averaged distance of the markers were based on the deCODE map (Kong et al., 2002) . The average spacing of the markers in our data set was ＜ 5 cM.
Statistical methods
Fisher's exact test (FET) was used to detect significant LD between every pair of the microsatellite markers. BLD tests were performed between all pairs of adjacent markers on all 23 chromosomes using 735 informative markers (average heterozygosity 0.71 ± 0.13) that met the criteria of Hardy-Weinberg equilibrium. All of our pairwise tests used the same sample size. In order to compare the BLD strength between Korean and Icelander populations, it was necessary to equilibrate the sample size used in order to avoid concluding that the larger population had more LD simply because there was more power to detect LD in a larger sample. We analyzed the extent of BLD among the Icelandic population through use of 41 locus pairs matched to Korean data with a 100 ± 10 sample size. For the X chromosome, we calculated the LD value based on combined data composed of phased male genotype data and we assigned female haplotype data using a haplotype frequency based method.
We used logistic regression analysis to model the probability of being in BLD as a function of distance between loci and the number of alleles at each of the loci (Service et al., 2001) . This analysis was performed using 156 locus pairs spread throughout the genome, with the requirement that pairs were separated by 20 cM so that they would be roughly independent. We chose 500 locus pairs at random and examined the BLD between unlinked loci to determine a baseline level of FET significance in our sample.
To evaluate the presence of population structure and identify admixed individuals, we used the model-based clustering methods of the STRUCTURE program (50,000 burn-in and 500,000 iteration, K = 1-4) (Pritchard et al., 2000) .
Results
Overall heterozygosities of the markers from Koreans exhibited a higher similarity to those from Japanese subjects (Ikari et al., 2002) markers, 34 marker loci showed heterozygosity lower than 0.50. In the 736 tests of adjacent markers, 69 (9%) and 26 (4%) were found to have P values from FET of ≤ 0.05 and ≤ 0.01, respectively. The FET P values from 500 locus pairs on different chromosomes showed 5% to be significant at the 0.05 level and 1% to be significant at the 1% level. Using 156 independent locus pairs, the distance between markers was found to significantly predict the probability of being in BLD, with markers ≤ 2 cM apart having a 3.2 times greater probability of an FET P value of ≤ 0.05 than markers ＞ 2 cM apart (P = 0.04, Confidence intervals 1.1-9.8). Sixteen percent of markers within 2 cM and 8% of markers ≥ 2 cM apart had FET P values of ≤ 0.05. However, the relationship was not close (correlation coefficient r = 0.12) as significant BLD was observed in numerous markers as far apart as 9 cM. The pattern of BLD according to the genetic distance was similar to the pattern of the Marshfield map, although there was a slight difference in the percentage of locus pairs with a significant LD at 1.5 and above 8.5 cM bins (Figure 2 ).
All of the FET P values in 41 pairs that matched the Icelanders are listed in Table 1 . The results showed that the Korean population exhibited a BLD level comparable with the Icelander population. Koreans exhibited 4 of 41 pairs with a significant LD (P ≤ 0.05) and 3 (D7S2513-D7S661, D13S1296-D13-S156, DXS1060-DXS1223) of these corresponded to the Icelanders. The Icelanders exhibited 7 of 41 pairs with a significant LD (P ≤ 0.05) and another 4 pairs exhibited a suggestive LD (0.05 ＜ P ＜ 0.10). The largest genetic distances for a significant LD were 7.6 and 8.6 cM in the Korean and Icelander populations, respectively. The BLD was not uniformly distributed as chromosomes 1, 5, 10, 15, 20, and 22 showed less BLD (Figure 3) . Summaries for significant LD regions can be found in Table 2 .
The inference of population structure using the model with admixture showed that each individual had allele copies originating from K populations in equal proportions. Therefore, factors other than genetic distance, such as recent admixture, did not contribute to the level of BLD. 
Discussion
We found that Koreans had the same or a relatively lower level of BLD than the Icelander population. Along with Finland, Sardinia, and Japanese, the Icelander population is an expanded genetic isolate with modestly higher levels of BLD on many chromosomal regions than outbred populations (Dunning et al., 2000; Eaves et al., 2000; Taillon-Miller et al., 2000) . Also, the level of BLD among Koreans was similar to levels of the CEPH families despite differences in study design, including the marker set and the sample size. We observed that ~3% of locus pairs within 4 cM displayed an FET P value ＜ 0.01, compared with ~4% of markers identified by Huttley et al. (1999) . We also observed non-uniformity of BLD between chromosomes. Our results and the genome-wide study of Service et al., (2001) of a recently identified genetic isolate, both found less BLD on chromosomes 1, 10, 15, and 22 than on other chromosomes. We assessed BLD with a recently constructed high-resolution recombination map. Thus, the effects of artifacts due to inaccurate designation of genetic mapping on the non-uniformity of BLD are probably smaller than in previous studies.
The migration of the Yayoi people leads us to expect a common genetic affinity between contemporary populations in Korea and Japan. Several previous genetic studies among East Asian populations, including a phylogenic study using polymorphic loci on the Y chromosome (Kim et al., 2000) and comparison studies of the distribution of HLA haplotypes (Park et al., 1998) , revealed a closer genetic relationship between Japanese and Koreans than relationships between other surveyed Asian populations. These studies showed a higher degree of polymorphism in the distribution of HLA haplotypes among Koreans than in Japanese. Recently, it has been reported that the Japanese people have a relatively higher level of BLD than the Finnish, European American, and Sardinian populations, although the results were restricted to the X chromosome and mitochondirial DNA (Katoh et al., 2002) .
We found that BLD was negatively related to the distance between the loci. Also, BLD in Koreans over large genetic distances is in agreement with results from previous empirical works. We used marker order and genetic distance based on the deCODE map and observed significant LD in locus pairs ordered in reverse on the Marshfield map. The LD based on the Marshfield map is more extensive than the LD based on the deCODE map.
The average heterozygosity in Koreans was slightly lower than in Caucasians, which probably indicates the genetic homogeneity of the Korean population. Our results provide a useful database for mapping studies among Koreans by showing that the Korean population, which is an expanded population with no evidence of admixture, has a BLD level comparable with the Icelander population. Therefore, the Korean population can be used for fine mapping of either complex traits or monogenic diseases. 
